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Rebalancing the 
Federal R&D 
Enterprise 
Sounding the Alarm… 
  Nuclear Energy Research Advisory Committee 
(DOE-2001) 
  COSEPUP FS&T Committee (NAS/NAE/IOM-2003) 
  Task Force on the Future of DOE Science Programs 
(DOE SEAB-2003) 
  Committee to Assess Capacity of U.S. Engineering 
Research Enterprise (NAE-NSF-2004) 

Long-Range R&D Plan 
  Basic Science and Engineering Research 
  Nuclear Power 
  Advanced Fuels 
  Instrumentation and Controls 
  Technology and Economics 
  Isotopes and Radiation Sources 
  Space Nuclear Systems 
The importance of investments in … 
  New Knowledge (research) 
"Nation must restore an adequate investment in basic 
and applied research in nuclear energy if it is to sustain 
a viable U.S. nuclear power option." 
  Human Capital (education) 
"Perhaps the most important role for DOE/NE at the 
present time is to insure that the education system and 
its facility infrastructure are in good shape." 
  Infrastructure (facilities) 
"Need for adequate DOE facilities to sustain the nuclear 
energy research mission (particularly reactor facilities 
and isotope sources)." 
Office of Nuclear Energy, Science and Technology 
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Research  & Development Budget History 
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Role of the National Academies 
  Annual FS&T Analysis 
  Developing methodology to do international 
benchmarking in various disciplines (e.g., 
materials science, mathematics, immunology) 
  Working with federal government to include 
benchmarking in application of Government 
Performance Results Act (GPRA) to research 
programs of federal agencies 
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Federal Research Obligations 
Federal Obligations for Total Research (Basic+Applied), by Field, 1982-2003
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FS&T by Discipline 
Change 
Field 1982-2003 
Math & computer science 718.7% 
Life sciences 504.2% 
Other sciences 454.7% 
Psychology 337.4% 
Environ Sciences 237.8% 
Social sciences 172.2% 
Engineering 170.5% 
Physical Sciences 108.0% 

Findings 
American cannot retain its freedom, way of life, or 
standard of living in the 21st century without secure, 
sustainable, clean, and affordable sources of energy. 
American can meet its energy needs if and only if we 
make a strong and sustained investment in physical 
science and engineering. 
Yet… 
During the last 30 years, the federal investment in 
research in the physical sciences and engineering has 
been nearly stagnant. 
In 1970, physical science, engineering, and life sciences 
each were funded at an annual level of $5 B (2002 $). 
Today, physical science and engineering are funded at 
$5 B and $7.5B, while life science is funded at $22 B! 
Furthermore… 
The budgets of DOE science suffer from the Department's 
historically poor reputation as badly managed, excessively 
fragmented, and politically unresponsive. They have not 
received the priority merited by their importance to our 
Nation's future energy, security, and economy. 
The current organization of DOE is not appropriate to the 
magnitude and centrality of scientific and advanced 
technological research. 
DOE's labs increasingly suffer from decay and deferred 
maintenance, unpredictable funding, poorly understood 
missions, and their perception as independent actors. 
Recommendations 
DOE should establish an Under Secretary for Science (with 
attendant organization changes). 
DOE mission agencies devoted to our energy future and 
national security should be well informed by the best 
available knowledge in science and advanced technology. 
Each DOE R&D initiative should have a regular review to 
assess whether it is consistent with the Department's 20-year 
strategy to produce secure, sustainable, clean, and 
affordable sources of energy, to enhance our national 
security, and/or maintain U.S. scientific leadership in areas 
stewarded by DOE. 
A few more things… 
DOE should enhance the quality of research through 
greater use of merit-based competition, seek the best 
balance of national laboratory, university, and industrial 
research, and form partnerships with industry and 
academia to drive innovation in its mission areas. 
DOE should establish and sustain a program for renewing 
its laboratories, facilities, and infrastructure. It should 
transfer the funds necessary to achieve this objective from 
other, non-science accounts. 
DOE should play a key role in strengthening federal 
investment in physical sciences and advanced engineering 
research. 
Growing Concerns 
Concern 1 
The federal government's share of R&D has fallen far 
below that of industry, dropping from 65% in 1970 to 25% 
in 2000. 
While the growth in industrial R&D is positive, most of 
this has been product development (particularly in the 
pharmaceutical industry). 
There is a serious question as to whether the nation's 
current investment in basic research, primarily funded by 
the federal government, is adequate to sustain an 
increasingly technology-dependent private sector, 
particularly in the physical sciences and engineering.
Federal vs. Non-Federal R&D 
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Concern 2 
The record breaking totals for federal investment in 
R&D in recent years have occurred because of the 
doubling of NIH coupled with the enormous increases 
in weapons procurement and creation of new 
homeland security R&D programs. 
R&D funding for all other areas has remained 
stagnant or declined. The FY05 recommendation 
continues this trend, with flat or declining funding for 
almost all of the R&D portfolio (and only a 2.6% 
increase for NIH and 3.0% for NSF.


Concern 3 
There is growing concern about how administration 
priorities are affecting federal support of R&D and U.S. 
competitiveness around the world. Most research 
agencies will suffer budget cuts because future R&D 
increases are expected to go primarily to homeland 
security projects, defense development programs, and 
NASA.  
The administration aims to cut research funding at 21 of 
24 federal agencies over the next 5 years. Only those 
involved in space, national, and domestic security will be 
sustained (and this will be mostly applied research).




Concern 4 
The staggering shift from of federal research priorities 
away from the physical sciences and engineering and 
into the biomedical sciences has created a situation 
where today roughly 62% of all federal R&D dollars 
flowing to the campuses are in biomedical research. 
This is seriously distorting university priorities in an effort 
to position themselves for the NIH gravy train. Little 
wonder that there has been a significant erosion of U.S. 
citizens majoring in physical science and engineering 
over the past decade. 
Concern 5 
Beyond the fact that many other countries have realized 
that science and technology are key to economic growth 
and prosperity and are now catching up and passing us 
by, there are other issues.  
In a very real sense the American economy is running 
largely on a knowledge base developed during the Cold 
War, when major investments were made across the full 
spectrum of science and engineering rather than highly 
focused in a single area (biomedical research). 
Concern 6 
Major investments in academic science and engineering in 
these India, China, and Eastern Europe over the past two 
decades are creating a high quality workforce that can compete 
on even terms (or, in some cases, even better) with the U.S. 
workforce. The United States is well on its way toward losing its 
traditional advantage in workforce skills in an increasingly 
competitive, knowledge-driven global economy.  
In the past we have compensated by attracting large numbers 
of talented foreign students into our graduate programs and our 
science and technology workforce. But with constraints 
imposed visas and immigration by homeland security concerns 
in the wake of 9-11, this pipeline of foreign talent is slowing to a 
trickle.
Is the Process for Determining 
and Funding Federal R&D 
Broken? 
The Process 
Retrospective: 
 Shifting needs of society? 
 Federal policies addressing strategic needs? 
 Congressional sausage-making process? 
Prospective: 
 Press Report Approach (leadership)? 
 Jeffersonian vs. Newtonian vs. Baconian science? 
  (Pasteur’s Quadrant)	

COSEPUP Hearings (03-04) 
Participants:  Key staff from OMB, Congress, NSF, NIH 
1.  Neither Congress nor Administration are capable of 
developing a strategic research budget.  The budget is 
a political document.  Hence science policy has to be 
politically driven. NIH growth has occurred because of 
exceptionally strong and effective lobbying. 
2.  It is not realistic to expect that the current science 
committee structure can be changed (e.g., shifting NSF 
out of HUD-Ind Ag).  Lots of broken pickaxes on this.	

COSEPUP Hearings (cont) 
3.  May be some opportunity to broaden the basic 
research mandates of federal agencies (e.g., NIH 
assuming more responsibility for research in physical 
sciences and engineering.) 
4.  Real key is for scientific community to get outside of 
the box, to move beyond Administration and Congress 
and build support for physical science and engineering 
similar to life sciences. 
5.  Congress seems increasingly aware of the linkage: 
Basic	
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A Gathering Storm? 
William Broad (NYT) 
“ The US has started to lose its worldwide dominance in 
critical areas of science and innovation. The U.S. share 
of industrial patents has fallen steadily over the decades 
and now stands at 52%. Decline in Phys Rev papers is 
down to 29%, compared to 61% in 1983. Europe and 
Asia are making large investments in physical science 
and engineering research, while the U.S. has been 
obsessed with biomedical research to the neglect of 
other areas of science.” 
Tom Friedman 
  “In Silicon Valley the sense is that American is losing its competitive 
edge vis-à-vis China, India, Japan, and other Asian tigers. U.S. 
companies are opening new plants offshore not because of cheaper 
labor, since labor is a small component of costs. Rather they are 
attracted by governments that are so eager for employment and 
transfer of technology to their young populations that they are 
offering huge incentives.” 
  ”Furthermore the Department of Homeland Security is making it so 
hard for legitimate foreigners to get visas to study or work in 
American that many have given up the age-old dream of coming 
here. One of America’s greatest assets—its ability to skim the cream 
off the first-round intellectual draft choices from around the world 
and bring them to our shores to innovate will be diminished, and that 
in turn will shrink our talent pool.” 
Tom Friedman (continued) 
”The bottom line: we are actually in the middle of two 
struggles right now. One is against Islamist terrorists in 
Iraq and elsewhere, and the other is a competitiveness-
and-innovation struggle against India, China, Japan, and 
their neighbors. And while we are fixated on the former, 
we are complete ignoring the latter. In the U.S., most 
PhDs are in biomedical fields. In Asia, most are in the 
physical sciences and engineering.”
Craig Barret (Intel) 
“The U.S. is not graduating the volume of scientists and 
engineers, we do not have a lock on the infrastructure, 
we do not have a lock on the new ideas, and we are 
either flat-lining, or in real dollars cutting back, out 
investments in physical science and engineering. The 
only crisis the U.S. thinks it is in today is the war on 
terrorism. It’s not!” 
NAE Task Force 
Assessing the Capacity of the U.S. 
Engineering Research Enterprise 

"Possible findings"… 
Leadership in technological innovation will be key to the 
nation's prosperity and security in a global knowledge 
driven economy. 
Engineering research and education are essential 
elements of technological innovation. 
Other nations are reaping the benefits of their investments 
in engineering research and education, which have 
stimulated and exploited technological innovation. 
Numerous studies have concluded that federal investment 
in research in physical sciences and engineering have 
been stagnant for three decades. 


"Possible recommendations"… 
Federal investment in R&D should be more balanced among 
the disciplines. 
High priority should be given to restoring adequate support for 
physical science and engineering necessary for technological 
innovation, key to security and economic competitiveness. 
Business as usual is not enough, however.The technical 
challenges and opportunities facing the nation and the evolving 
nature of technological innovation and global competition will 
require change in the way we prioritize, fund, and conduct 
research. 
A 21st Land Grant Act? 
Very much in the spirit of the Land-Grant Acts of the 19th 
Century or the G.I. Bill and government-university research 
partnership of the 20th century, a bold initiative is needed to 
link fundamental scientific discovery with technological 
innovation. 
This will involve a partnership among the federal 
government, the states, the private sector, the national 
laboratories, and higher education capable of both 
strengthening and transforming our scientific and 
engineering research enterprise to serve our nation in a 21st 
century, global, knowledge-driven society. 
